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Abstract 

The implications of the empirical signatures for the positivity of the strangeness magnetic mo- 
ment [i s and the negativity of the the strangeness contribution to the proton spin A s on the 
possible uudss configurations of five quarks in the proton are analyzed. The empirical signs for the 
values for these two observables can only be obtained in configurations where the uuds subsystem 
is orbitally excited and the s antiquark is in the ground state. The configurations in which the 
s is orbitally excited, which include the conventional K + A° configuration, with exception of that 
in which the the uuds component has spin 2, yield negative values for fj, s . Here the strangeness 
spin A s , the strangeness magnetic moment fj, s and axial coupling constant G S A are calculated 
for all possible configurations of the uudss component of the proton. In the configuration with 
[4]_f5[22]_f[22]s flavor-spin symmetry, which is likely to have the lowest energy, /i s is positive and 
A s ~ ~ -l/3 Ms . 
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I. INTRODUCTION 
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the strangeness magnetic moment of the proton /x s is positive [1|, |2j, |3j, |4j . In contrast most 
theoretical calculations have led to negative values for this observable !5], with but few 
exceptions . The implications of the empirical result for the configuration 

of the constituents of the proton is considered by a calculation of fi s for all positive parity 
configurations of the uudss system with one constituent in the first orbitally excited state, 



121. The formalism 



which may be contained in the proton, have recently been studied in Ref. 
summarized in that reference is elaborated here in more detail along with a few minor 
corrections. In addition it is now applied to the strangeness contribution to the proton spin 
A s and the corresponding strangeness axial form factor G S A . 

In the case of the strangeness contribution to the proton spin A s , the empirical indications 



are that it is very small 



Lj, 3|. Extrapolation of 
the empirical values for the strangeness axial form factor G S A to low Q 2 indicates a non-zero 



131 ] or small and negative (—0.10 ± 0.06) 



negative value for that quantity [16]. 

Here it is noted that fx s is positive and that both A s and G S A are negative and smaller 
than /x s in magnitude in the uudss configuration, which is likely to have the lowest energy, 
where the s quark is in the ground state and the uuds system is in the P— state. If in 
contrast the strange antiquark is in the P— state and the 4 quarks are in their ground state 
the ix s has the opposite - and empirically contraindicated sign. The latter configurations 



include that of a fluctuation of the proton into a kaon and a strange hyperon, w 



rich is well 



17 



18, 



19 



known to lead to a negative value for the strangeness magnetic moment 

In this manuscript a detailed description of the wave functions of the uudss configu- 
rations that may contained in the proton. The manuscript falls into 6 sections. Section 
2 contains the definitions of the strangeness observables and flavor wave functions for the 
uudss components of the proton along with a discussion of their expected hyperfine split- 
tings. The configurations, in which the uuds system is in the ground state, are considered in 
section 3 and the corresponding configurations, in which the uuds system is in the P— state 
are considered in section 4. The implications of the empirical values for /x s and A s for the 
probability of the ss in the proton are considered in section 4. A summarizing discussion is 
given in section 5. 
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II. THE STRANGENESS OBSERVABLES AND FLAVOR WAVE FUNCTIONS 
FOR uudss COMPONENTS 



In the non-relativistic quark model, the strangeness magnetic moment fi s and the 
strangeness contribution to the proton spin A s are defined as the expectation value of the 
following two operators in the proton state: 

S- * 

i s 

a s = a s + cr s , (1) 

where Si is the strangeness counting operator with eigenvalue +1 for s and —1 for s quark 
and m s is the constituent mass of the strange quark. The strangeness axial form factor is 
in turn defined as the matrix element of the strangeness axial current operator 

^ = 7*75 + « ■ (2) 

The matrix element of this operator in the proton is denoted as G S A . In the non-relativistic 
limit and at Q 2 = one has G S A = A s . 

A key ingredient for the calculation of the matrix elements of these operators are the flavor 
wave functions for the uudss components in the proton. These are usually constructed by 
coupling uuds flavor wave functions with the s flavor wave function. There are four possible 
flavor symmetry patterns for the uuds system : [4]jr, [31] jr, [22] p and [211]jr in the Weyl 



tableaux of the SU(3) group 2l|,|22j. Combination of these with the anti-quark with flavor 
symmetry [1]* F leads to the following pentaquark multiplet representations of SU(3) : 

[4]f ® [1]* F = 10 © 35 , (3) 

[31] F <g> [1]^ = 8© 10 27, (4) 

[22] F ® [1]^ = 8 © 10 , (5) 

[211] F ® [1}* F = 1©8. (6) 

Here the numbers in boldface on the right-hand-side of the equations indicate the dimensions 
of the pentaquark representations. As an example the tentative # + -pentaquark belongs to 
the baryon anti-decuplet 10 representation. Since the proton belongs to the baryon octet 
representation, the possible flavor symmetry patterns for the uuds in the proton are limited 



to [221 f, [2 111 f and [31] f- The corresponding flavor wave functions can be obtained as in 



refs. 
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22]. For convenience we list the relevant ones here explicitly. 
For the mixed flavor symmetry representations [22] ^ and [211]^, there are 2 and 3 inde- 
pendent flavor wave functions, respectively: 

| [22]^) = — [2\uuds) + 2\uusd) + 2\dsuu) + 2\sduu) — \duus) — \udus) 



24 1 

— \sudu) — \usdu) — \suud) — \dusu) — \usud) — \udsu)] , (7) 
|[22]f 2 ) = —/=[\udus) + \sudu) + \dusu) + \usud) — \duus) — \usdu) 

— \suud) — \udsu)], (8) 
| [211]^) = — \2\uuds) — 2\uusd) — \duus) — \udus) — \sudu) — \usdu) 
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+ \suud) + \dusu) + \usud) + \udsu)} , (9) 
|[211]^ 2 ) = — \3\udus) — 3\duus) + 3\suud) — 3\usud) + 2\dsuu) — 2\sduu) 



48' 

— \sudu) + \usdu) + \dusu) — \udsu)] , (10) 

[[211] ^ 3 ) = —=\\sudu) + \udsu) + \dsuu) — \usdu) — \dusu) — \sduu)\ . (11) 
V6 

In the case of the mixed flavor symmetry [31}f for the uuds system there is a need to 
separate the isospin 1/2 and 3/2 states, both of which are listed in Ref j^]. The reason for 
the presence of two separate classes of wave functions with the flavor [31]i? is the following. 
In the case of flavor SU(3) model, the A + resonance is composed uud valence quarks with 
the flavor symmetry [3}f. In the consideration of the uudss component of this baryon, and 
its uuds subsystem, the latter may also have the mixed flavor symmetry [31]^. This flavor 
state of the uuds subsystem is therefore a combination of a A + and a proton component. 
There are 6 independent flavor wave functions for uuds of the flavor symmetry [31]i?. Among 



them, by using the weight diagram method 



22|, the three wave functions labeled as ip e in 



Ref [2lJ are found to correspond to isospin 1/2. These are explicitly: 

| [31]^) = — [2\uusd) + 2\suud) + 2\usud) — \sudu) — \usdu) — \dusu) 



— \udsu) — \dsuu) — \sduu)} , (12) 
|[31]f 2 ) = — [6\uuds) — 3\duus) — 3\udus) — A\dsuu) — A\sduu) + 5\sudu) 



+5\usdu) + 2\uusd) — \suud) — \dusu) — \usud) — \udsu)] , (13) 

-j=[—3\duus) + 3\udus) — 3\dusu) + 3\udsu) — 2\dsuu) + 2\sduu) 

— \sudu) + \usdu) — \suud) + \usud)} . (14) 



The color symmetry of all the uuds configurations is limited to be [211]c in order to com- 
bine with the s antiquark to form a color singlet (cf.©)- The Pauli principle requires that 
corresponding orbital-flavor-spin states have the mixed symmetry [31]xfs so as to combine 
with the mixed color symmetry state [211]c to form the required completely antisymmetric 
4-quark state [1111]- Since the intrinsic parity is positive for a quark and negative for an 
anti-quark, the uudss component in a proton, which has positive parity, requires that either 
the s is in the P-state with the uuds system in the ground state with spatial symmetry 
[4]x or that one of the quarks is in the P-state so that the uuds system has mixed spatial 
symmetry [31]x- 

There are several configurations of the uudss system that have positive parity, isospin 
1/2, spin 1/2 and one unit of orbital angular momentum. The spin-dependent hyperfine 
interaction between the quarks splits these states, so that the configurations with the lowest 
energy may be expected to be those with highest probability for admixture in the proton. 

In most models for the hyperfine interaction between quarks in the baryon is spin de- 
pendent. In the common colormagnetic hyperfine interaction model, the spin dependence is 
such that the spin singlet state has lower energy than the spin triplet state j^J. This is also 
the case for the instanton induced interaction model [24]. Finally, the schematic flavor and 
spin dependent interaction model: 

H' = -Cj^X i 'X j ffi-e j , (15) 

i<j 

which gives the qualitative description with correct ordering of the states in low lying part of 
the baryon spectrum in all flavor sectors (26 . 



271 ]. implies that antisymmetric flavor and spin 



configurations have the lowest energy. In this interaction C is a constant that represents 
an average of the spin-spin part of the interaction expected to be mediated by pseudoscalar 
meson exchange 25j . Phenomenologically C ~ 20 — 30 MeV. 

In next two sections, the strangeness spin A s and magnetic moment fi s are calculated 
for all possible configurations of the uudss system that have the quantum numbers of the 
proton. 
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III. THE CONFIGURATIONS WITH THE uuds SYSTEM IN ITS GROUND 
STATE 



In the configurations where the uuds quarks are in their ground state, the spatial state 
has complete symmetry [4]x, and accordingly their flavor-spin state has to have the mixed 
symmetry [31] F s. All the different flavor and spin state symmetry configurations that can 
combine to the required [31]_ps mixed symmetry combination have been listed in Table |l] 

. In the table the matrix elements of the quadratic Casimir operator of SU(Q), C^, 
multiplied by the constant C in the flavor-spin interaction are also listed so as to 
give an indication of the energy splitting between these configurations. The requirement 
of positive parity requires that for these configurations the strange antiquark in the uudss 
system has to be in the P— state. 



TABLE I: Flavor and spin configurations of the uuds quark states in the ground state 28] and the 
corresponding operator matrix elements . 



uuds ground state 


c s 


A S (P SS -) 


^ s ( m s ^' ss ) 


-ccf ] 


[31] FS [211] F [22] S 




-1/3 


-1/3 


-16C 


[31] fs [2H]f[31]s 


13/36 


85/216 


-95/216 


-13|C 


[31] FS [22] F [31] S 


1/2 


5/12 


-5/12 


-9IC 


[31] FS [31] F [22] S 




-1/3 


-1/3 


-8C 


[31] FS [31] F [31] S 


65/108 


281/648 


-259/648 


-qc 


[31] F5 [31] F [4] S 




1/6 


7/6 






The wave functions of the proton state with spin +1/2 that have any one of these sym- 
metries may be written in the general form: 



abc s z mm's' 



."> ! I „ | Ull]„ C [ 3 FUS] c l F ] b[S] c [2 1 1] C,aYlm> X V ^({^}) • 

(16) 

Here [F}^, [S] c and [211]c a represent the flavor, spin and color state wave functions, denoted 
by their Weyl tableaux respectively. The sums over a, b and c run over the configurations of 
the [31] [F] [S] representations of 5*4 permutation group for which the corresponding Clebsch- 
Gordan coefficients C^ c do not vanish. The value of the first of these CG coefficients are 
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C[3i| [2ii] = |2l| - Finally Y lm / and Xs' z denote the orbital and spin states of the anti- 
strange quark respectively. In Eq.([Tfi|) A sS is the amplitude of the ss component in the 
proton and y?({^}) is a symmetric function of the coordinates of the uudss. 

The wave functions of the uuds subsystem may be organized in groups according to their 
spin states. Consider first the states which have the spin symmetry [22] 5. To these belong 
the configuration [211],p[22],s, which is expected to have the lowest energy among all the 
configurations with the mixed flavor-spin symmetry [31] .ps- As the total spin of the uuds 
system with this symmetry is S = 0, and the angular momentum space is isotropic, it gives 
no contribution to u s and a s . In these configurations only the s quark contributes to u s and 
A s (and G\): 

^ = 4i p -' (i7) 

A s = --P s - S . (18) 

Here P sS is the probability of this configuration. In units of the nuclear magnetons u s takes 
the value: 

1 ™>r> ^ / \ 

Vs = -^—Pss- (19) 

In this configuration the numerical value of u s is negative and ~ 2 times A s , as m p ~ 2m s . 

The spin of the uuds system in the states which have the spin symmetry [31] g is S = 1. 
If we neglect the interaction of quarks, then the wave function of the proton in the angular 
momentum space may be written in the general form: 

+C^i[C 1 1 1„ 1 \U)a s \1-1)b x +C 1 1 1a1 \1-1)a s \11)b x ]\11)b s + (20) 



• 2 2 



Here for the sake of abbreviation the subindica As and P>x represent the spin state of the 
uuds system and the orbital state of the s quark respectively. Explicit evaluation of the 
matrix elements with these wave functions for jj, s and A s leads to the results: 

1 m.„ 1 . 

= -2t (l ~ r- )p - (21) 

&, = \(l + \<j,)P,,- (22) 



le s quark in the 



Here the a s is the expectation value of the z-component of the spin o 
configuration where s z — 1. (Note that Eq. (j21|) here corrects Eq.(4) in 12|). The numerical 
value of a s depends on the detailed configuration as shown below. The results in all cases 
satisfy the inequality <j s < 1 as shown in Table HI This result implies that a s in all these 
configuration is negative and that A s is positive, in contradiction with experiment. 

The final possibility when the spatial state of the uuds system is that the spin state 
of the uuds system is completely symmetric: [4] 5. In this case it has spin S — 2 and as a 
consequence the total angular momentum of the s quark has to be j — | in order to combine 
with the uuds system to form the proton state with spin +1/2. The wave function then 
may be expressed in a way analogous to Eq. (J2(J|) . The relevant matrix elements for these 
configurations are found to be : 

a s = l^Pss, (23) 
m s 

A s = ];P S ,. (24) 

This configuration thus yields positive values for both a s and A s as well as G S A . This 
configuration is very unlikely to have a large probability of the proton, as it is expected to 
have an energy of 100 - 150 MeV above all the other configurations with the mixed flavor-spin 
symmetry [31] ^5. 

The (tedious) calculation of the average spin value a s in Eq. (J22j) may illustrated by the 
following explicit calculation for the case of the configuration [31]i?sf[22] J p[31]s. The results 
for this and the other configurations are listed in Table |l] 

There are three combinations of the mixed symmetry states [22]^ and [31] 5 that combine 
o the mixed symmetry state [31]^. The explicit expressions for these are the following 



2l|: 



|[3W> = ^{|[22] Fl >|[31] S2 > + |[22] a |[3lU>}, (25) 
I[31W = |{V2i[22]^|[31] Sl > + |[22] Fl )|[31] S2 ) - | [22]^> | [31]^» , (26) 
|[31W = i{V2|[22U)|[31] fll > - |[22] F2 )|[31] & ) - |[22] Fl )|[31]s 3 )} ■ (27) 
where the [22] p flavor functions are given by Eqs. (j7l8J) and the three spin wave functions are 

|[3l] Sl > = -U 3 I mi) - I TTIT) - I TITT) - I ITTT)] , (28) 



|[3i] S2 > = -j=[2\ mt) - 1 UTt) - UTTT)] 
|[3ik> = ^[| TITT) - I ITTT)] • 



From Eqs. (j25H2Tj) one obtains 



° a = s 1 + aFS2 + aFS3 ' 



It then follows from Eqs. 



that 



and at last, from Eqs. (21,22) 



A, 



2 ■ 



5 m p 
12 m s 
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(29) 
(30) 

(31) 

(32) 

(33) 
(34) 



The matrix elements needed for the values of A s and fi s in all other configurations may 
be calculated by the same method. 



IV. THE CONFIGURATIONS WITH THE s IN ITS GROUND STATE 

In the configurations, where the s antiquark is in the ground state, the lowest possible 
orbital configuration allowed by the requirement of positive parity for the uuds state is that 
with orbital angular momentum of L — 1. The corresponding spatial state has the mixed 
symmetry labeled by the Weyl tableau [31]x- The possible symmetries of the flavor-spin 
state are then either complete symmetry, [4]fs, or the mixed symmetries [31]^^, [22]^ 
and [211]f5. All the flavor and spin symmetry configurations that can combine to these 
configurations, and which can be a component of the proton, are listed in Table II. The 
wave functions of the proton with spin +1/2 may for all of these symmetry configurations 
be expressed in the general form: 

l I i\_ v r<M r*jM r*^ 4 ] W 31 ^ rA FS ^ 

\P, +2/ ~ 2^abcdel^Ms' z ms z ^ J M l S ' z U ^rn,Ss z ^ [31} a [211} a U [31} b [FS] c U [F] d [S] e ^ 

[31} x ,Ub)[FUS] Sz (e)[211]c(a)xs'M{ r i}) ■ 
Here J is the total angular momentum of the uuds system M the corresponding z-component. 

The orbital angular momentum of these uuds states is L — 1, with the z-component m. 



These configurations may also be organized in groups according to their spin symmetry. 
The method described explicitly in the previous section may then be applied to evaluate the 
matrix elements that are required for fi s and A s . 

Of these configurations, the configuration [4] F s[22] F [22],g is expected to have the lowest 
energy. For this and all the configurations that have the mixed spin symmetry [22] 5 the 
desired matrix elements for /i s and A s are: 

vn — 

Ms = ^(1 + 2[ S )P SS -, (36) 

TABLE II: Flavor and spin configurations of the uuds quark states in the first orbitally excited state 
with total angular momentum J = 1 and the corresponding operator matrix elements. 



uuds p-state 


Is 




A s (P sS ) 




-ccf ] 


[4] FS [22] F [22] S 


1/4 


— 


-1/3 


1/2 


-28C* 


[4] FS [31] F [31] 5 


1/4 


7/9 


-2/27 


73/108 


-21|C 


[31] FS [211] F [22] S 


13/48 


— 


-1/3 


37/72 


-16C 


[31] FS [211] F [31]s 


119/432 


13/36 


-23/108 


707/1296 


-13|C 


[31]fs[22]f[31] s 


1/4 


1/2 


-1/6 


7/12 


-7\C 


[31] FS [31] F [22] S 


13/48 




-1/3 


37/72 


-8C 


[22]fs[211]f[31]s 


1/4 


5/12 


-7/36 


5/9 


-H 


[31]f5[31]f[31]s 


295/1296 


65/108 


-43/324 


2371/3888 


-H 


[22] F5 [22] F [22] S 


1/4 




-1/3 


1/2 


-AC 


[211] FS [211] F [22] S 


11/48 




"1/3 


35/72 





[31]fs[31]f[4]s 


43/216 




1/6 


497/648 





[211] FS [211] F [31] S 


119/432 


65/108 


-43/324 


811/1296 


2\C 


[22] FS [31] F [31] S 


13/54 


5/12 


-7/36 


251/324 


2|C 


[22] F5 [22] F [4] S 


1/4 




1/6 


3/4 


AC 


[211] FS [22] F [31] S 


1/4 


1/2 


-1/6 


7/12 


61 


[211] FS [211] F [4] S 


23/72 




1/6 


157/216 


8C 


[211] FS [31] F [22] S 


11/48 




-1/3 


35/72 


8C* 


[211] FS [31] F [31] S 


31/144 


13/36 


-23/108 


227/432 


10|C 
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A s = ~P SS . (37) 

Here the l s is the average value of the z-component of the orbital angular momentum of the 
s quark in the uuds system for m = 1. The numerical value for l s depends on the detailed 
configuration and may be calculated by the same method as that described above for the 
calculation of a s in the previous section. The results of l s for various [31] x configurations 
with uuds total angular momentum J = 1 are listed in Table II along with the corresponding 
values of a s . The values for l s are in every case smaller than 1/2: l s < 1/2. Note that the 
values of l s and a s given in Ref.fl^ for the mixed [31] f flavor symmetry are not correct due 
to the neglect of the isospin decomposition and are corrected in Table II. 

In the case of the lowest energy configuration [4] fs [22] f [22] $ h = 1/4 and consequently 

n. = lr L P. s - (38) 

2m s 

The value of fi s in this configuration is consequently positive, and since m p /m s ~ 2, it is 
approximately equal to the probability of that configuration in the proton. Moreover for 
this configuration u s ~ — 3A S , a relation that agrees with the present experimental values 
within their uncertainty range. 

Because of its low energy, this is the most likely ss component in the proton. The 
[4]j?5[22]^[22]5 uuds wave function has the simple form: 

|[4]fs) = -^{[22] Fl [22] Sl + [22] F2 [22] 5 J . (39) 

The explicit form for the two flavor components [22]i?i and [22]^ 2 are given in Eqs. ()7p8j ) . 
The two corresponding spin functions are readily constructed by the substitutions u <->t and 
d, s with an additional 1/ 'y/2 in the normalization factor. To complete the wave function 
for this configuration one needs the explicit antisymmetric color-space wave function: 

|[llll] ox [211]<7[31]*;m) = £ C^ pil] .[211]2,[31]^ m . (40) 

o=l 

As the operators that are considered here do not depend on color, the explicit color wave 
functions with the mixed symmetry [211] c are not required. The explicit spatial wave func- 
tions may be constructed by reference to Eqs. (j28H3T)|) . with the substitution of ground state 
wave functions for the 3 constituents denoted ] and a P— state wave function, multiplied by 
the spherical harmonic Y"i m , for the constituent denoted j. 
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For the states which have spin symmetry [31] s the total angular momentum of the uuds 
system J may take the values and 1. For J = the results are: 

Ai. = -^Pss, (41) 
m s 

A s = P sS . (42) 

These are the only configurations with the uuds system in an orbitally excited state, which 
lead to negative values for the strangeness magnetic moment. As the lowest one of these 
configurations lies ~ 140 - 200 MeV above the configuration with [4]^ [22] ^[22] g symmetry, 
it is unlikely to have a large probability as a component of the proton. 
In the case when J = 1 the corresponding results are 

Tfi — 

fis = ^(l + h + ^Pss, (43) 

O T Yl g 

A s = -~(l-a s )P ss -. (44) 
Finally for the states which have spin symmetry [4] 5 the results are: 

A*. = \^(l-ls)PsS, (45) 

3m s 2 

A s = \p a - a . (46) 
o 

As the strangeness contribution to the proton spin is positive for these configurations in 
apparent conflict with the experimental situation, as these are expected to require a relatively 
high energy of excitation, they are not likely to have a large probability in the proton. 



V. THE PROBABILITY OF THE uudss COMPONENT 

Above the possibility for transition matrix elements between the uudss and the uud 
components of the proton was not considered, as only diagonal matrix elements in config- 
urations with ss components were calculated. The calculation of such transition matrix 
elements demands an explicit model for the spatial wave functions for determination of the 
overlap. These transition matrix elements modify the proportionality coefficients between 
the strangeness magnetic moment and the probability of the ss components in the proton. 
Referring to the analogous situation in the case of decay of the A(1232) considered in ref. 



these contributions are expected to allow a smaller values for P sS than eg. Eq. (J3~%j) with the 
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present empirical values for fi s . As an example in the case of the [31]x[4]irs[22]i?[22]s con- 
figuration, the effect of the transition matrix elements would lead to modification of the 
expression (JHS|) for jj, s by an additional factor: 

= ^ + *)?•>• ( 47 ) 

Here the relative modification caused by transition matrix elements is contained in the term 
5. Because the uuds configuration is a P— state, this term would have the general form: 



S^C m a y/<^>J^ 1 (48) 



ss 



where P uu d + P s s- Here Co is a factor that takes into account the overlap between the wave 
function for the uudj state and the uudss component of the proton, and < r 2 > is the 
mean square radius of the uudss component. The mass factor m s arises from the ss — > 7 
vertex. Provided that these wave functions have the same phase, it follows from (J4T)) that 
the empirical value for //, sets an upper limit for P sg . As an example the harmonic oscillator 
model employed in ref.|3jj], in which V < r 2 > = 1/uj, the value for the coefficient Co is 



Cq = 3/8 ~ 0.37. Since 2m s ~ m p and in the oscillator model m s V < r 2 > = m s /uj ~ 1...1.5 
the following approximate relation emerges for fi s in the [3 1] x [4] fs [22] f [22] g configuration: 



fi s ~ P sS + (0.37...0.55)^/P ss - - P 2 - s . (49) 

If this equation is solved for the ss configuration probability P sS with the mean result for /j, s 
given by the SAMPLE experiment (fi s = 0.37 ± 0.2 ± 0.26 ± 0, 07) Q as input one obtains 
P sS ~ 0.17.. .0.22. By (|3*7j) this probability for the ss configuration gives A s = —0.06... — 0.07, 
which values falls well within the range of values for this quantity (—0.10 ± 0.06) that is 
determined from the recently enlarged set of inclusive and semi-inclusive polarized deep 
inelastic scattering data ^|. Note that in the case of A s or G S A , the contribution from 
transition matrix elements relative to the diagonal matrix elements is much smaller than in 
the case of fi s . 

The inclusion of the [31]x [4]fs , [22] j ?[22]5 type of pentaquark components not only repro- 
duces well the strangeness magnetic moment and spin of the proton, but also is consistent 
with the observed excess of d over u 0] arid the quark spin contribution ^| in the proton. 
In this configuration, only ududd and uduss pentaquark components are allowed for the 
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proton but no uduuu component. The quark wave function for the proton may then be 
expressed as: 

\p >= A 3q \uud > +A d j\[ud][ud]d > +A 8g \[ud][us]s > , (50) 

with the normalization condition |y4 3g | 2 + |A d j| 2 + |A^| 2 = 1. To reproduce the observed light 
flavor sea quark asymmetry in the proton, d — u = 0.12 j^, one then needs = \Ajjl 2 = 
12%, while to reproduce the strangeness spin of the proton, A s = — 0.10±0.06 (l5j, one needs 
P sS = (12 — 48)%. With more than 24% of this kind of pentaquark component in the proton, 
this can reproduce the observed u-quark spin contribution in the proton A u = 0.85±0.17 
as well, since the pentaquark components give no contribution to the A u and A u = ^\A 3q \ 2 . 
Instead they give a contribution: AL q = |(P d j + P s s) of the proton spin through the 
orbital angular momentum of quarks. In Ref . [15j , the spin contributions from both d and s 
antiquarks were found to be negative, while that from u is very uncertain even as to its sign 
and could be far less polarized than d and s. The pentaquark configuration considered here 
gives such quark spin contributions, with — \Pdd from d and — \P S s from s and zero from u 
antiquarks. The total d-quark spin contribution is predicted to be A^ = — 1(1 — P sS ) which 
is only slightly smaller than the lower end of the observed value A^ = —(0.33 ~ 0.56). In 



Ref. 



15j . it was also found that the available data do not require the gluon to be polarized. 



VI. DISCUSSION 

The complete analysis given above of all the positive parity configurations of the form 
uudss with spin 1/2 and an at most one unit of orbital angular momentum reveals that the 
present empirical signs for fi s and A s imply that the uuds subsystem has to be orbitally 
excited and that the s antiquark is in its ground state. The configurations of the uudss 
system, which can agree with the empirical indications that fi s is positive, and that A s 
is negative and smaller in magnitude than fi s are the configurations with [31]x[22]g and 
[31]x[31]s that have J = 1. These configurations do not include the conventional KA° and 

KTf configurations, which yield negative signs for n„ 0,Q,Q,Q- 

The configuration [31]x[4]_Fs[22]i?[22],5 stands out by the fact that its energy is some 140- 
200 MeV lower than any other in the flavor-spin interaction model of Eq. (jl5|) . Moreover its 
energy is more than 240 MeV lower than the lowest energy configuration with the s in the 
P— state, which would correspond to the KA° loop fluctuations. The lower excitation energy 
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should increase the probabilit y o f this configuration as a component in the proton. Two 
recent diquark cluster models [2^, 13] proposed for the tentative # + -pentaquark correspond 
to similar uuds configurations as [31]x[4].fs[22]^[22]5 for the uudss component in the proton 
with the common feature that the s quark in its ground state, and hence similar values for 
the strangeness spin and magnetic moment for the proton l^ . 

Another interesting point worth notingis that a negative value for the strange electric 



fom tactor a , M,e d at by the datal. T hls indi cate S that the st^e ^ have 
a larger rms radius than the anti-strange quarks in the proton. The uudss configurations 
that give the empirical signs for the strangeness spin and magnetic moment do have that 
feature, as the strange antiquark is in the ground the uuds component is in the orbitally 
excited state. 

The possible smaller than expected role of the long range KA° and KTP fluctuations, 



which lead to negative values for /j, s , has recently been analyzed in Ref.|33(. The conclusion 
drawn in that work is that the main contribution to fi s from these "chiral loops" arise 
from their high momentum components, the determination of which a priori falls outside 
of the convergence range of the effective chiral field theory approach. As a consequence 
the loop expansion as calculated by effective field theory methods may not give realistic 
results. Recent numerical QCD lattice results that have been obtained in the quenched 
approximation have given both positive and negative results for fi s and therefore 
have not settled the issue of the sign of fi s . 

The diquark cluster configuration or similar [31]x [4]fs , [22],f[22]s uuds configurations for 
the uudss system all lead to positive values for the strangeness magnetic moment, negative 
values for the strangeness spin or axial form factor and negative strangeness electric form 
factor of the proton at low values of momentum transfer. Moreover they also give a natural 



explanation for the mass ordering of the A*(1440)l/2 + , N 
resonances by admixture of large pentaquark components 



(1535)1/2- and A*(1405)l/2~ 
which is otherwise very puz- 



zling in the conventional 3q constituent quark model. In the diquark cluster pentaquark 
configuration the A*(1440)l/2 + is composed of the [wd][wd]d with two [ud] scalar 

diquarks in relative P-wave, the A*(1535)l/2~ is composed of the [ltd] [its] s with diquarks in 
the ground state, and A*(1405)l/2~ is composed of the [imZ][i4s]m and [wd][ds]d. The large ad- 
mixture of [izd] [us] s in the A*(1535)l/2~ resonance makes it heavier than the A*(1440)l/2 + 
and the A* (1405) 1/2" Q along with a large coupling to the channels involving strangeness, 
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such as Nr) and KA |36j. 

All facts and discussions given above suggest that there are significant qqqqq components 
in baryons and they may be mainly in colored quark cluster configurations rather than in 
"meson cloud" configurations. 
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